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OUTLINE OF BRIEFING 

0 Definition of defeat device 

o Mercedes-Benz presentation 

0 Present investigation of designing to the test cycle 

0 Representativeness of the transient test 

0 Further investigation of designing to the test cycle 

0 Conclusions 

0 Tabular emission and fuel consumption data for 
the certified 1991 HHDD engines 
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DEFEAT DEVICE 

0 “Defeat Device” means an auxiliary emission 
control device (AECD) that reduces the 
effectiveness of the emission control.system under 
conditions which may reasonably be expected to 
be encountered in normal vehicle operation and 
use, unless 

(1) such conditions are substantially included in 
the Federal emission test procedure, 

(2) the need for the AECD is justified in terms of 
protecting the vehicle against damage or 
accident, or 

(3) the AECD does not go beyond the 
requirements of engine starting. 

0 Any incongruous strategy which is triggered by 
sensing a change in operating conditions may be 
a defeat device. 
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MERCEDES-BENZ PRESENTATION 

0 The claim was made that U.S. manufacturers are 
designing their engines strictly to perform well on 
the transient test by using electronic control to 
retard the timing during transience 

m When the timing is retarded due to transience, 
it takes 30 seconds to return to normal 

- Proven with data from a 1991 HHDD engine 

I We suspect Detroit Diesel’s Series-60 engines 

0 The claim was made that the transient cycle is not 
representative of actual drivina 

I Claim: Drivers 
engine speed 
maximized - 

m Claim: HHDD 

tend to operate a vehicle at the 
(RPM) where the torque is 

engines now reach their peak 
torques at lower RPM’s 
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PRESENT INVESTIGATION 

0. A look at NOx versus fuel consumption 

m An attempt was made to discover a 1991 .HHDD 
engine family with exceptionally low NOx 

I No such engine family was found 

o A look at rated brake specific fuel consumption 
versus cycle brake specific fuel consumption 

m An attempt was made to discover a 1991 HHDD 
engine family which had an exceptionally poor 
match between its RBSFC and its CBSFC 

I No such engine family was found 
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RBSFC 0.38 0.413 0.34 0.382 0.38 
CBSFC 0.406 0.417 0.388 0.39 0.406 

Cummins 
RBSFC 0.324 0.332 0.338 0.334 0.333 
CBSFC hot 0.378 0.379 0.413 0.41 0.396 
CBSFC cold 0.402 0.396 0.436 0.44 0.417 
CBSFC 0.381 0.381 0.416 0.414 0.399 

Caterpillar 
RBSFC 0.311 0.338 0.334 
CBSFC 0.334 0.361 0.358 

Detroit Diesel 
RBSFC 0.367 0.386 0.387 0.314 0.329 
CBSFC hot 0.427 0.444 0.434 0.362 0.359 
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REPRESENTATIVENESS OF THE TRANSIENT TEST 

0 Cycle distribution of the transient test is 

I concentrated at idle and at 80% RPM 

- based on NY and LA on and off freeway study 

0 Changes in torque characteristics since the 
transient test was created are not significant 

m Heavy-duty diesel engines now reach their 
peak torque at lower RPM’s than when the 
transient test was developed 

m However, the maximum rated RPM’s have also 
been reduced 

0 The only sections in the Heavy-Duty Diesel 
transient test cycle which achieve steady-state for 
more than ten seconds are at idle (zero torque) 
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ENGINE SPEED DENSITY GRAPH 
for Diesel Engine Transient Cycle 
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FURTHER INVESTIGATION 

o Option 1: acquire and test a number of production 
engines making note of the fuel consumption and 
timing 

o Option 2: go directly to the manufacturers and ask 
them if they have the electronic “cycle beating” 
strategy 
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CONCLUSIONS - 

0. Electronic controls are being used to tailor and 
engine’s performance to the transient test 

o The fuel consumption is inversely related to the 
Nox emitted 

o The transient test is still representative 

m Most drivers will drive at maximum power 
rather than at maximum torque 

I The % RPM at which maximum power occurs 
has not changed significantly . 

0 Electronic control may be used to allow the engine 
to operate “cleaner” during testing than during 
actual road use 
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APPENDIX 

TABULAR EMISSION AND FUEL CONSUMPTION DATA 
FOR 1991 CERTIFIED HHDD ENGINES 
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Here is a table of the HDV diesel engines certified in 1991 under 
the heavy service class. 

ENGINE MODEL M/E* 

Cuxmine Engine Company, 

LTAlO 
LlO-330E 
LlO-310 

LlO-310E 
NTC-350 
FLEET 300 
N14-460E 
N14-350E 
N14-410 
N14-350P 
NTC-444 
N14-330P 

M 300 0.5 Wf* 5.0 0.37 
E 300 0.2 3.8 4.5 0.21 
M 310 0.6 1.7 4.7 0.19 
M 310 0.6 2.3 4.0 0.25 
E 310 0.3 3.1 3.9 0.28 
M 350 0.6 W 5.1 0.49 
M 300 0.4 W 5.1 0.40 
E 460 0.3 2.1 4.4 0.22 
E 350 0.4 2.1 4.9 0.25 
M 410 0.5 2.0 4.5 0.19 
M 350 0.6 2.3 4.3 0.20 
M 444 1.0 W 4.7 0.52 
M 330 0.4 2.6 5.4 0.20 

Caterpillar Inc. 

3176 E 325 0.2 3.5 4.4 0.25 
E 325 0.2 3.2 4.9 0.17 

3306B-ATAAC M 300 0.7 2.3 4.8 0.44 
3406B M 425 0.2 1.3 5.0 0.25 
3406B PEEC M 460 0.4 1.6 4.8 0.23 

Detroit 

6L-71TA 

6L-71TA 

6V-92TA 
6V-92TA 

6V-92TA 

0V-92TA 

Diesel Company 

DDEC ALCC 
E 

DDEC COACH 
E 

DDEC E 
DDEC COACH 

E 
METHANOL COACH 

E 
DDEC E 

E 
SERIES 60, ll.lL 

g 
SERIES 60, 12.7L 

E 
E 

RATED HP 

Inc. 

330 0.4 1.6 4.6 0.29 
240 0.5 1.6 4.8 0.33 
270 0.6 1.8 4.4 0.30 
270 0.5 1.5 4.8 0.30 
300 0.4 2.3 4.9 0.25 
277 0.4 2.6 4.7 0.31 
253 0.4 2.1 4.0 0.25 
253 0.8 12.0 3.0 0.06 
277 0.4 4.8 2.3 0.06 
370 0.5 1.5 4.7 0.20 
450 0.4 1.9 4.7 0.25 
275 0.1 2.4 4.9 0.15 
350 0.1 2.2 4.7 0.13 
355 0.1 2.3 4.0 0.19 
450 0.1 1.0 4.7 0.18 
450 0.1 1.7 4.0 0.17 

a NOx PAWIICULAIES 

* Electrical/Mechanical Fuel System 
** CO Waiver 
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, . . . ** 
d 

ENGINE MODEL E/M" 

Mack Trucks, Inc. 

EM7-300 
E7-300 
EM7-300 
E7-400 
EM7-275 
EM7-300 
E7-400 
EM7-300 
E9-500 

M 300 
M ^- 300 
E 300 
E 400 
M 275 
M 300 
E 400 
E 300 
M 500 

RATED HP 

Volvo White Truck Corporation 

‘ 

0.1 w** 
0.1 w 
0.1 w 
0.1 w 
0.1 w 
0.1 w 
0.1 w 
0.1 w 
0.5 w 

Nox 

4.7 
4.6 
4.4 
4.8 
4.7 
4.7 
4.8 
4.4 
5.3 

TD123EC E 360 0.3 1.7 4.9 0.21 
TD123EB E 330 0.4 1.6 4.8 0.21 
TD123EA E 300 0.4 1.6 4.9 0.22 

PARTICULXK.5 

0.20 
0.19 
0.24 A 

. 0:16 
_0.20 
0.20 
0.15 
0.24 
0.32 

* Electrical/Mechanical Fuel System 
** CO Waiver 

Note : I assume that the units for the emissions are standard. 

Ford Motor Company, General Motors Corporation, Hino Motors1 Ltd., 
Mercedes-Benz Aktiengesellschaft, Navistar International 
Transportation Corp., Perkins Engine Company, and Renault Vehicles 
Industriels have all certified HDV diesel engines in 1991. They 
are not listed because none of their engines were in the Heavy 
intended service class. 
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Cummins LTAlO 
Engine LlO-330E 

Company LlO-310 ’ , 
LlO-310 
LlO-310E 
NTC-350 
FLEET 300 
N14-460E 
N 14-350E 
N 14-350P 

Caterpillar 3176 325 1800 101 1250 
Inc. 34068 400 2000 135 1400 

34068 PEEC 425 1800 142 1550 

Detroit 6L-71 TA DDEC (ALCC) 330 2100 121 1050 
Diesel 6L-71TA DDEC (ALCC) 270 2100 101 900 

Corporation 6V-92TA DDEC 350 2100 135 1020 
6V-92TA DDEC 300 1800 109 975 

6V 92TA DDEC COACH 277 2100 105 880 
6V 92TA DDEC COACH 253 2100 96 775 

8Vr92TA DDEC 450 2100 174 1425 
8V-92TA DDEC 370 2100 145 1150 
SERIES 60-ll.lL 350 1800 110 1250 
SERIES 60-l 1 .l L 275 1800 86 1250 
SERIES 60- 12.7L 450 2100 148 1450 
SERIES 60-l 2.7L 355 1800 110 1450 

315 
340 
313 
316 

367 
288 

335 
357 

2100 102 1025 
1600 110 1260 
1600 104 1169 
1600 102 1178 
1600 104 1140 
2100 125 1226 
1700 100 1091 
1700 157 1564 
1600 112 1332 
1600 119 1386 

1300 
1200 
1200 
1200 
1200 
1300 
1100 
1200 
1200 
1100 

1200 
1200 
1200 

1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 

82 0.324 
93 0.324 
90 0.332 
87 0.323 
90 0.340 
98 0.341 
79 0.347 

117 0.338 
100 0.334 
96 0.333 

94 0.311 0.334 
112 0.338 0.361 
118 0.334 0.358 

91 0.367 
76 0.374 
82 0.386 
78 0.363 
70 0.379 
61 0.379 

116 0.387 
113 0.391 
94 0.314 
94 0.313 

106 0.329 
106 0.310 

T 

0.381 
0.381 

0.416 
0.414 
0.399 

0.434 

0.449 

0.437 

0.363 

0.361 

’ Cycle Brake Specific Fuel Consumption 

'* Rated Brake Specific Fuel Consumption 
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APPENDIX 2 

1991 Cummins HHDD Engine 

Peak horsepower at: 1800 - 700 = 78%-RPM 
2106 - 700 

1976 Cummins HHDD Engine 

Peak horsepower at: 2300 - 800 = 82% RPM 
2620 - 800 

Where: 

Peak horsepower Max Power RPM - Idle RPM = % RPM 
occurs at: Max Rated RPM - Idle RPM 

There is no significant change between the % RPM at 
which the 
test is still 

engine operates. Therefore, the transient 
representative for HHDD vehicles. 
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